
I Office ^ 



PRIORITY DOCUMENT 

SUBMITTED OR TRANSMITTED IN 
COMPLIANCE WITH 
RULE 17. 1(a) OR (b) 




INVESTOR m PEOPLE 



The Patent Office 
Concept House 
Cardiff Road 
Newport 
South_Walfi&. 




I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent q)plication identified therein. 



In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
m this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company " or their equivalents in Welsh, references to the name of the company 
m this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 



In accordance with the rules, the words "public limited company" may be replaced by p 1 c 

pic, P.L.C. or PLC. rjir--. 




An Executive Agency of the D^artment of Itade and lodustiy 



lB-JAN-2002 15=29 FROM MftfiKGRfiflF PATENTS 



TO PATENT OFFICE P.03 



Patents Paim 1/77 



SkfntfpAcf 2977 



THE PATtW OFFICE 
A 

1 8 JAN 2002 

IVEDBYFAX 



Request for _ 




Tbft I^titdU Office 

Cardiff Road 
Newport 
South Widos 
NFSIRH 



L Your reference 



P30e7SB PRO 



Patent: application number 

(77ts Patent ani<^ mUSOin this pnn) 



full name* address and postcode of the or of 

each applicmnt fnodalm ailjsunaameg} 

Patents ADP number Ofyoulmowit^ 

U che dipplic»nt a corporalB bodly; give the 
Gountiy/jdate of its incoipDiation 



4. TtlteoftheinveRtiaii 



It imam; 



0201 1 32.8 



EPIGEM LIMITED 
MALMO COURT 

KIRKLEATHAM BUSINESS PARK 
REDCAR TS1Q 5SQ 



METHOD OF MAKING PATTERNED RETARDIER 



5. Name of your agent (Ifjou hm»on^ 

?Addnsss ibr scn^lce* in the United Klr^om 
to which all correspondence should sent 



NOVAGRAAF PATENTS LIMITED 

THE CRESCENT 
54 BLOSSOM STREET 
Y0RKY014 lAP 



6. 



7. 



8. 



Patents ADP number fir^ knawi$ 



07296486002 



If you are declaUng prioriQ' from one or more 
earlier patent applications, give the country 
and the dste of filing of the or of each of ch^c 
carUer applications and (^yimknm^ the or 

each appiicafian nun^b^ 

If tills apphonlon is dhn[dcd or otherMose 
derived finom an earlier UK applfcat^on, 
give the numb^ and the iil!z% date of 
the earticr application 



Countiy Priori^ ^ppHcauonnimibEi* 



Dale of filing 



Is a statement of uiventpishlp and of right 
to grant of a patcaic required fai support 
tfau request? (Atmrn^ Tcs^'^ 

^ any Os^jiUcant named iapait 9^ ma an Mm mww/of * ^j- 
nppUeaat, or 



YES 



i&-JAN-2M2 15:29 FROM MPfiKGRftflF PATENTS 

Fatents Fonzi 1/77 

9. finto the nomber of sheeiB far ariy of the 
foDov^ng tems you are filing with tWs fbrm. 
Da not count copies of the same docunmnt 



TO PATENT OFFICE 



P.04 



Cozitixiixation sheets of this foxzn 
Description 

Abstract 



25 



e 



Drawing/^ 6 



10, If you are also filing any of the fbOowtxig. 
sate how many against each item. 

FdolQr docsun^is 

Tranalaiions dt priori^ documexits 

Statement of Inventoxsh^ and right 
tOgrantorBpotBDC (Pasmm^tirm7/n} 

Raqif est for pteMtCaaCt^ e^cazmnafian 
and search (PatamFam d/t^ 

Request fof substantitve ey^t^^tlpn 

(PacenrsJtttrm lQ/77) 

Azxy other dociineats 

11, ~~ ^ 



Wfe request the grant of a patent on the basis of tMs appHratlon. 
NOVAQRAAF PATENTS LIMnTED 18fl)1ffi003 



12. Name and d^yifane telephDne nmnbfr of PETER WILSON (OR) 
peisan to eontwt In tfav Uidted Kogdom 



01904 fiiosse 



Wsmlng 

A/ierajj appJleatHntSyr&patBath^b^ filed. Ok ComptxoBtrat&e Patent Qmca wiBeoastderwheOieroabiieaiioa 
'^,^'^^^^?^^^'''^^"*^''"^"''^b^P^a>^ S2 of the Patents Ad SSjST 

^ Furthermore, ify^l^ttnvT 

dilution ptobibittngpubikiaion or 
»»«niaateatioi» hat baea given, eratysuebdiiectkm '^u»ur 

Notts 

^ ifyouaeedheiptonatotbt,IbjmoTyQUbave6i^questtom,pleesecoatactthePa^ QBSee im 0645 500505. 
m ^ii^J^ answers ia capital Iettersusiagblackinkor^ujj,ay(yp» 

itf ^youJmve answered 'YB^PatamFoea)t7/77i^aeeitiobenhd. 

OmeyouhawmedJaibe/iamyinimmtreniembertosignattdtbtBa. 
9 F^f^etBlhortbe^aiutw^top^yjUeaseeaatactthef^ieatOme. 

Fataits Fonn 1/77 



18-J«=lN-2002 ISsSe FROM MflSWHWF PATENTS 



TO PATENT CFFIOE 



P.05 



# 

1 

Method Of Making Patterned Reterder 

The present invention relates to an impioved fHrooesfi for the manufacture of 
patterned optical retarded for use in such applications for example, in 
5 polarisation conversion optical systems or LCD projectors and in three- 
dimensional autostereosoopio displays, and to patterned optical retarders or 
optically active elements for such patterned optical retarders fabricated by the 
process. 

10 It is known to manufacture patterned optical xetaiders by applymg a 
polymerisable liquid ciystal (LC) material to a suitable substrate^ aligning the 
LC layer to a suitable patton whilst in the LC state, and curing the LC layer to 
look in the alignment. The LC layer may be oriented for example by 
application of an external force (eg electrical or i;nagnetic) or by rubbing the 

15 Substrate beforehand* which is found to iniroduce propetties to the $Qbi9trate 
surface such as to encourage alignment 

The suitably aligned LC layer forms the optically active element of the 
retardor device, which can then be retained on the original substrate, 
20 transferred onto another substrate, given suitable surface treatments and/or 
used in conjunction with oflier suitable layers to form a device of desired 
properties, 

European patent 89200427 (PhiUips, filed 22,02.89) discloses a method of 
25 majiufecturing a laminated optical element using a polymeriaable liquid 
crystal (LC) material. The LC layer h oriented by means of an external force 
or by mbbing the substrate beforehand. Also disclosed are various methods of 
physically patterning the LC layer, for example by depositing the LC material 
onto a surfece with the negative of the desued pattan, orienting the LC 
30 material by m»n9 of an external fortse, polymerising the LC to fix die 



r , 
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orientation and then iMioving the LC layer onto anothw substrate. Another 
method disclosed is the patterning of Ihe LC layer by irimiiating it through a 
mask so as to polymedse only selected regions of Ihe LC. 

S European patent 0887 667 (Sharp Labotatoriej^ of Europe) discloses a method 
of making a patterned retarder by polymerising Wrefringent material aligned 
on a single alignment layer, selectively rubbed in two different directions. The 
method includes rubbing of an alignment layer uniformly in the first direction, 
masking with a mask to reveal a second region of ihe alignment layer and 
10 rubbing it through the mask in the second direction^ removing tiie mask, 
disposing on the alignment layer a layer of birefiingent material whose optical 
axis is aligned by the alignment layer, and ftxiqg the optical axis of the 
birefidngent layer. 



15 US patent 5861931 (Sharp) discloses a method of making a patterned 
polarising optical element using photocured liquid crystal material and Ihe use 
of these elements as a latent parallax barrier in a 3D autostereoscopic display. 
Odd and even pixels of the LCD display ctealft different images for left and 
right eyes. The parallax barrier attached to the display artificially restricts the 

20 zone where each eye sees its own image. The brain then creates the 3D image. 

US 6 222 672 (Sharp) discloses an imaging system with improved achromatic 
bandwidth. It describes a rocthod of coirectioai of chromatic dispersion m 
patterned retarder elements hi reactive mesogen (RM) made by the multi 
25 mbbuig technique discussed earlier. Such a patterned retarder mcludes fit^t 
patterned retarder regions of half-wave plates having their optical axes 
oriented at equal but opposite angles followed by an additional half wave plate 
element with its optical axis at +/- 67.5 degree to Ihe first polarisation axis. 
The patent does not give any details of i^etarder febrication, except clear 
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indication (column 9) that it is made of pliotocwabl© liquid ciystal RM257 
(Merck) patterned by photolithograpliy. 

EP 0689 084 discloses a linearly photopolymerisable material which may be 
5 as a patterned alignment layer for aligmneat of birefiingent materials. 

However, in order to ptx>duce a retarder having regions of different retardedr 
orientations, two or more pbotolithographic stq^s are leqnited in ord^ to 
expose the lineady photopolymerisable alignment material. These 
photolithographic steps must be correctly registered with each other, which 
10 adds to the complexity of the process and reduces pitch tolerance of the 
patterned retarder. 

The present invention relates in particular to a method for the manu&ctuie of 
patterned optical retardera which relies upon the aligning properties of a 

15 substrate layer onto which a polymerisable liquid crystal (LC) material is 
applied, and aligned to a suitable pattern whilst in the LC state, and cuied to 
lock in the alignment It is primarily an altematfve to systems based on the 
use of a single alignment layer, selectively rubbed in two different dureotions 
to produce an alignment pattern, such as described in European patent 0887 

20 667, Such methods involve multiple steps in the preparation of the alignment 
layer, particularly when a complex shape is involved, so that the process is 
laborious and slow and does not lend itself to rapid manufacture and in 
particular to continuous manufacturing processes. 

25 In addition to the known methods of aligning a polymerisable liquid crystal 
layer to produce patterned retarder elements as above desCTibed, a number of 
other alignment methods are known generally in relation to liquid crystal 
devices. A number of sources disclose alignment of liquid ciystals on 
microgrooved or microstructnred sur&ces. 

30 
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For example "Control of litjuid crystal alignment using stampM moiphology 
method" by E.S.Lee et al in Japanese JAppUhys, Vol 32. Pp L1436-L1438 
(1993) describes a mcftod of single domain alignment of liquid oiystals cm an 
optical alignment polynifif layer coated on a heat curable resin layer having 
5 raicrogroovca. US 5 917 570 (DERA) describes the use of surfece relief bi- 
gratings made in photo«si$t to align liquid ciystal materials in a display 
device. It also mentiotis that Hw grating surface can be fonned by embossing. 

However, it has not been suggested that these methods could be applied in 
10 relation to a polymerisable liquid crystal nor do they relate to the manufectuie 
of patterned retacder elemenis. 

It is an object of the present invention to provide an improved process for the 
manufecture of paflSmsd optical retaid^s which mitigates some or all of the 
15 above disadvantages. 

It is a particular otgeot of the pc^ent mvention to provide an improved process 
for the manufiicture of patterned optical retaiders based on prior alignment on 
a single alignment layer substrate which mitigates some or all of the 
20 disadvantages associated with conventional techniques wheifein a pattern is 
^lied to the aligmnent layer by rubbing. 

It is a particular object of the pnsswrt invention to provide an in^aoved process 
for the manufeotiMe of patterned optical letardere which lends itself to the 
25 manufectuie of letardets of complex shapes and/or to the rapid and convenient 
manufecture of retaiders in quantity and in particular by continuous processes. 



rhus, according to a first aspect of the present invention, a method for the 
manufacture of patterned optioal retarders comprises the steps ofS 
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Foiming an alignment layer comprising a spatially patterned monograting-like 
surface relie^f microstmctiire formed into 3 suitable receptive material; 
laying down a polymeribabk liquid crystal, and in particular a curable liquid 
orystal such as a photocuiable Hquid crystal, onto the alignment layer, 
5 polymerising the liquid crystal layer to fix Ifae alignment 

The present invention is thus a method of fabrication that substantially leduces 
the mxmber of technological stages, compleTdty and operational tolerances of 
fiabrication of broad wavelength band patterned retaider elements made of 
10 photopolymerisable liquid crystals with improved achromatic performance. A 
further advantage of the method is that the regions of the patterned retaxder are 
generally more clearly defined Aan using previous methods. 

In essence^ the method comprises only Hiree basic steps. 

Firstj a spatially pattoned nionogratmg-like surface relief micro^tructure is 
fabricated whose purpose is to align the polymerisable liquid crystal into the 
desired pattern for the patterned retarder. Th^ direction of the microgrooves m 
the suifece relief micrpstructuie is defined by the design of the patterned 
retarder, being the same within one region or zone where the orienteition 
should be in one direction and differmt in other regions or zones where the 
orientation should be in a di£ferent difection. 

The sur&ce relief miciostnicture is fabricated m any suitably receptive 
25 material to form an alignment layer. This layer may be first deposited on a 
suitable supporting substmte or may integrally form such a supporting 
substrate. This substrate may comprise tihe substrate eventually used in tiie 
device or a part thereof, or the optically active aligned LC layer may 
subsequently be transfenred to an alternative substrate material. 



15 



20 



30 
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Second, a suitable polymerisable liquid ccy&t^l is coated on top of fhe svtr&ce 
relief pattern. Interactions between tfie liquid crystal and die surface rcKef 
pattern result in an ordered alignment of fee liquid crystal through the 
tliickness of the coated film. The optical axis of differont le^ons of Uie liquid 
5 crystal is determined by ^ direction of Ihc microgtooves of the suffeee xelief 
structure beneal}! it. 



The third stage is Ac po]ymeiisation or curing of the liquid crystal so as to 
lock in its alignment, and so produce a layer ad^ted to serve as the optically 
10 active basis of the retarder. 



In one embodiment of fhe invention a polymerisable liquid crystal is dqposited 
on single alignment layer. In an alternative embodiment of the invention a 
plurality of laterally spaced aligmnent layers may be used vwtb liquid ciystal 
15 matraial therdjetween. For exanqple two afignment layers can be used, one 
eiUicr side of the liquid caysfal material to align the liquid aystal layer. Hie 
Hquid crystal material fiwro a cell between fte aligtn[nent layers and is then 
aligned therebetween. The pattern on each alignment layer in this case may be 
the same or dif5ferent. This can be used to provide thicker layers, layers with 
20 oflier fimctionality etc. 



Where a pair of alignmart layers are used with a liquid crystal material 
flierebetween the gap m^y be controlled by any suitable manner. This may 
include laying down a LC layer of cwrtrolled predetermined fliickness, or 
25 using mechanical separators, such as spacer beads or embossed piUars on one 
or both alignment layers. An excess of LC material can then be deposited 
between the aUgrmient layers and pressure applied to bring tbe desired space. 



30 



Where a pair of aKgnment layers ate used with a Uquid cryslal material 
therebetween to form a cell, fiirther means may be provided to assist in 
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alignment of LC material wt&m the cdl. For example electromagnetic or 
mechanical forces may be applied to facilitate alignment and/or ferther 
aligmnrait layers may be provided in a multilayer laniiffflt? stmctuie. 

5 The arran^ment of the spatially patterned monogcating-like surface relief 
micxostructure is determined by the applicaticni for which the patterned 
retarder is to be used. For exan^Ie in the case of a polarisation conversion 
optical system for an LCD projector it would consist of a series of stripes of 
width and pitch corresponding to the pitch of the polarisation qjHtting 
10 element In the case of a parallax barrier for a 3D di^lay it would correspond 
to a series of stripes of width and pitch detennined by the pixel size in 'tihe 
LCD display. 



The spatially pattemed raonograting-lifce sur&ce relief miciostrttctute may be 
15 made by any suitable fcnown method. For eixan^le one or more of the 
following methods may be suitable: lepKeation fiom a mould tool (for 
example embossing (tTV cure and thermal), casting* infection moiildtng)» 
holography, e-beam writing, laser writing, photolithography, diamond 
machining or mechanical ruling. 



20 



25 



In the case of photolithography for example, a photoresist matezial can be 
exposed using a photomask Aat has bodi die required pattern for the 
niacroscopic spatial patterning of the miciostructure and the microscopic 
pattran for producing the miciostructuxe itsel£ 



The most preferred embodiment of the invention is where a replication method 
is used to produce the surface relief microstructure. In this piefetred 
embodiment the first general metiiod step comprises fiie two stages of fitst 
creating a mould tool comprising a spatially patterned monofifating-likB 
30 surface relief microstmoiurB and then forming the surface relief pattern mto a 
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suitable receptive material using the said mould tool. This may be done for 
example by embossing (Uv cane and thennal), casting or injection moulding. 
Preferably^ a micsromoulding tecbmque js used to form the stir&ee relief 
pattern. 

5 

In a particular refbiement of the method, a single master is first created 
coniprising a ^atially patterned monograting-like sni&ce relief ndcrostrui^e 
and this single master is then used to prepare one or more mould tools as 
above described. The mould tool may be in any suitable fomi for the 
10 moulding process envisaged. For example a mould tool having a plat© 
geometry might be suitable. However in a preferred embodiuoeni^ especially 
for application to continuos production processes, the mould tool is preferably 
in the form of a roller, and in particular preferably pie$esnts a substantially join 
free and fully ciicumfbiential external sur&co theareon, 

15 

In one alternative flus is done by: forming a master pattern having a contoured 
metallized sut&ce which conforms to the required relief shucturej 
electroforraing a layer of a first metal onto the metallized surface to form a 
metal master, releasing the metal master firom the master pattern, repeating the 
20 electoforming process to form a metal embossing ghim^ whether a abim plate 
or in the inefeiTod embodiment a join-free metaJ shim tube, and embossing the 
nslief structure into a polymer jfilm so as to provide an embossed film having 
the desired mould fealuies. 



25 One of the advantages of this route is that the complex spatiaUy patterned 
monograting-Hke surfece relief microstructure need only be made once as the 
master and then a more robust mould tool made ftom it by electeoformittg (for 
example iu nickel) or by casting in some polymers (eg rubber), glasses or a 
low melting point metal. The mould tool can then be used to make many 

JO replicas. The master plate can for example be produced by one or more of the 
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following methods: hologi^liy^ e-beam writing, laser writing, 
photolithography, diamond machining or mechanical ruling. If desired, the 
master plate ttiseJf can be used as the mould tool. Surface release tteatmcnta 
can be applied to the mould tool to prolong its lifetime and aid lele&se. 

5 

The present invention may be used to produce a surface relief microstmcfwv 
having a pIuraKly of zones of different alignment (and henoe a nstarder having 
a plurality of such zones). Such a structure is particulariy batd to produce by 
rubbing, since it is difficult to obtain accurate delineation of the different 
10 zones. The dififerent zones may have differently patterned relief 
microstructures and/or similarly patterned relief microstractnws in difibrent 
oriisntatians. 

Optionally, the spatial pattern of the monograting-like sur&ce relief 
IS micro structure can be produced by condtracting a new master mould tool &om 
a plurality of sub-masta mould tools. Bacih sub-masto: mould tool may fhst be 
made from an unpattemedmonogi^ng-likesur&coTeUefmicrostructuie. The 
dififerent alignment directions come in this case from (he directicais in \^*ioh 
the sub-master pieces had beai out out and reconstructed to make the new 
20 master mould tool. This new master mould tool can be then converted into an 
embossing mould tool ja the desired form^ 

The preferred n^licatioQ method is by embossing the sur&ce relief 
miciostructure into a polymetL^le polymer material, sudi as a photocurable 

25 polymm- resin material, coated as a thin layer onto a suitable substrate. A 
continuous embossing process is prefeited- In this preferred method a relief 
forming material which comprises an orgam'c or inorgam'c material or 
precursor thereof which is polymetisable. and m particular which is curable 
(whether photocurable such as UV curable, thermally curable, chemically 

30 reaction curable or some combination thereoO or thermally fonnabl© is 
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applied to a supportmg firet layer having a receptive surface capable of 
retainmg the relief forming material by reaction fonning or micromowlding 
with iise of an advancing Kne of contort along aod progressing across fhe 
surfece of the supporting layer to provide a sur^ relief microstrnctured layer 
5 retained on the supporting layer. Where applicable, fhe surface relief 
miorostructured layer is then cured. 

In particular, the technique desonbed in Xntematiooal Patent AppUcation No 
W096/35971 and US patent ^plication 08/619,717 and eqiplied in 
10 W098/21626, the contents of which are hereby incorporated herein by 
reference, is espepially preferred. 

Thus, Hi© prefened method fi?r creating *e sui^ relief microstnicture in a 
polymerisable polymer material on a flexible substrate comprfseB the st^ of: 
creating an embossing roller with a sur&ce relief of fhe dimensions requured to 
form the desired alignment layer surfece reUef microstraoture. with fee surface 
reUef running aroraid iho drouraference of the roller, preferably for 
substantially fee entire circumference in join-free manner; 
coating one side of a flexible subslxats wife a suitable polymerisable polymer 
material layer and conlactii^e this layer wife the ezobossing roller so as to 
transfer the alignment miraoreKef pattern mto fee polymerisable polymer 
layer; 

polymerising the pofymer matedal layer to form fee alignment layer, 
preferably while in contact wife fee embossing roller prior to film release. 



15 



20 



25 



Thus, the prefefred mefeod for producing the alignment laya on a rigid or 
non-transparent substrate comprises fee steps oft 

fonning a line of contact between fee receptive sui^ and at least one mould 
feature formed in a flexible dispensing layer; 



ia-jm-2Be2 15:34 from MftftowF patents 



TO PATENT OFFICE 



P. 15 



11 

applying sufficient of a polymerifiable polymeric material to foim the relief 
forming polymer, to substaatiaUy fill tbe at least one mould feature, along the 
line of contact; 

progressively contacting the receptive sur&ce with the flexible dispensing 
5 layer such that the line of oontact moves across the receptive suri&ce, and 
sufficient of the polymer material is o^itinced by the mould feature so as to 
substantially fill the mould feature 

polymerising the polymer material filling the at least one mould feature so as 
to forrn the relief microstmctui^e; and, optionally, thereafter 
1 0 releasi ng the dispensing layer from the relief microstroctured layer. 

Xn either case, the polymerisable polymer material is preferably a resin, 
capable of being cat^i. 



15 The advantage of this method is that the patterned fetaider elements may be 
produced by a cootbnoasly nnrnrng (for example sheet feeding) or reel to reel 
process. Thereby the process is well suited for high volume production of the 
patterned retarder elements. Another advantage of this approach is the 
complete absence of precision hthogzsqphy. 

20 

The liquid crystal may be coated onto titie sudiux relief uricrostrochire to the 
thickness and toleiaincc required by a raiige of coating and printing mefiiods 
known in the ait Prefiscred ma^ods include spin coating {for single 
substrates), precision bead coating or techniques that precisely meter the 
25 precise coat thicknras such as gravnre coating. 



Table 1 compares flie methods of fabrication of a patterned letaider by multi- 
rubbing, according to European patent 0887 667 (Sharp), with the method of 
this invention. It is clear tbM fee new method proposed significanfly induces 
the mimber of steps of the process. A fiurfher advantage of (he proposed 
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method is fliat tibe patterned letarder elements may be produced by a 
continuously nuinkig or reel to reel process. Thereby the process is weD 
suited for high volume produotion of tiie patterned retarder elements. Another 
advantage is the complete absence of precision Kthography. It shouM also be 
5 noted that the processing tolCTances are reduced compared to the prior art 
method. 



prior arc process 


Proceffl of current invention 


1 . Coat substrate with afignment 

material 


L Coat substrate with UV curable resin 


2. Bake alignment material 


2, Emboss and cure surface relief 
miCTQStmcture 


3. Rjiib in first direction 


3 . Coat with polymerisable liquid 

crystal 


4, Coat with resist 


4. Polymerise liquid crystal 


5. Expose resist through mask 




6- develc^ resist 




7. Rub over resist in second direction 




8. Flood expose resist 




9.Develop resist 




10. Coat with polymerisable liquid 

crystal 




1 1 .Polymerise liquid crystal 





Tabic 1 : Compadsoti of prior art fabrication tedmique and process of cunent 
10 invention for making pattmied retarders. 



The supporting layer may be rigid or flexible, but is preferably flexible for 
application to continuously iwming or reel ^ teel processes. 

15 

The suitably receptive material may be supported on a range of sut»strato types 
incJitding polymers (flexible and rigid) and non-polymers such as glass. The 
substrate may optionally be pre-coated on either dde with cither an anti- 
reflection layer (when the element is to be used in transmission) or a reflective 
20 layer. 
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The period of the mouogratiixg-Uke micrdsiroc^ture may be unifonn acsross the 
relief patterned area, may be different for different regions of the relief 
patterned area, or may vary across the relief pattemed area. Jn any event, the 
5 period of flie monogratingnlike microstmcture is preferably below 5,0 micron, 
and more preferably below 2,0 micron- The period is preferably at least 0-1 
micron and most pief^bly lies in the range 0,2 to 1.0 microti. 

The depth of the monograting-like miCT0Stractm« may be unifomi across the 
10 relief pattemed area, or alternatively may be different for alternating stripes 
with different direction of grooves, or may vary across the teh'ef pattemed area 
or between different zones in the relief pattemed area. In any event tiho depth 
is preferably sub-micron, preferably in the range 0,02 to LO micron and in 
particular 60nm to 35Qnm. The depth of the microstniotuie ahould be 
15 significantly less than the thickness of the liquid crystal film it is being used to 
align othetvrise the microstnictore itself >viU tend to have an adverse eflEect on 
the optical retardation prqperti^ of the liquid crystal fifan* 

The cross-section shape of the monograting-like microstructure may be 
20 symmetric or asymmeteic. 

One example of a use£ul optical xetarder element is where tiie macroscopic 
pattern coniprises a series of alteraating stripes or bands. Within one stripe, 
the micTQgrooves are genorally parallel and oriented in a first direction at a 
25 first angle to the boundary between the stripes and within an adjacent sliipe 
file microgrooves are genedally parallel and oriented m a^other direction at a 
second angle to the boundary between the stripes. These angles may lie in tiie 
range firom 0 to 90, more preferably from 15 to 45 degrees. In one 
embodiment, these angles are equal and opposite. 

30 
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The orientation of the optical axis of the cured LC lies Im^gely along the 
direction of the raicrogrooves of the surface relief pattern. In the simplest case 
therefore one can m^ke a imifonn retarder for uste in combination with a 
pattmed retarder by using a simple ui^ttCTied monogmting sur&ce. 

The suitable receptive material should also have optical and physical 
properties that do not affect tlie p^ormance of the phase retarding optical 
clement. 



10 The material into which the monograting-like surface relief rnicrostructure i$ 
fabricated (suitably receptive material) should be one that replicates the 
surfkce relief without significant distortion or etron 

In the cose where the optical letarder element is designed to operate in 
IS transmission, the suitable receptive material should have negligible 
birefringeDce (pref^ably less than 0«001) and should be as tr^parent as 
possible over the operating waveletigth range of the element 

In the ca^e where the optical retarder element is designed to operate in 
20 reflection^ the suitable receptive material may be coated with a metal or 
multilayer dielectric coating so as to make it reflecting, after it has been 
patterned with fhe monogcating-like sur&ce relief micTx>stmctare and/or the 
fabricated aligned patterned LC layer may be subsequently transferred to a 
substrate of or coated with such material. 

25 

There may or noiay not be a suppoitmg substrate for the suitable receptive 
material. 

A range of coating techniques known in the art (for wcample spin, gravure, 
30 roller or EC-bar coating) may be used so as to fonn a uniform coating of liquid 
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crystal of known and cantroU^ tibickness on top of the mcmograting-like 
surface relief microstructure. The optical thickness of the liquid crystal layer, 
along with its birefnngenoe, determines the physical thickness required to 
obtain the desired retardation of light of a certain wavelength. 

S 

The polymerisable liquid crystal may he coated fix>m solutioii (for example 
using xylene or POMEA as solvents) or from 100% solids usiqg temperature 
to control or reduce liquid viscosity. The liquid ciystal needs to be in a liquid 
crystalline phase in order to align before curing. In solution it is normally in 
10 the isotropic phase and when the solvent is removed during coating it enters a 
liquid crystalline phase on the surface of the microstmcture. 

It is desirable that immediately before alignment ihe layer is put into the 
isotropic phase to eliminate defects^ imwanted ordering etc. In a preferred 
IS embodiment of the me&od, pardcularly if ihe liquid crystal is not already in its 
isotropic pha^e when ;^Iied, then the LC should be transfomied (for example 
by heating) to its isotropic phase and hack to a liquid oxystallme phase pior to 
polymerisation. 

20 The temperature at which the liquid crystal is polymerised may be varied so as 
to fine tune tiie retardation of the element since ihe higher the temperature the 
lower the birefdngence and hence lower the retardation fen: a given thickness 
of liquid crystal layer. 

25 In tlie case of the photopolymerisable liquid crystal RM34 (ex Merck) Ihe 
liquid crystal is cured under nitrc^en using a UV lamp. 

A variation of the main process allows the use of two alignment substrates. 
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(a) the surface relief pattern is produced into a suitable receptive material 
as previously dacnbed. 

(b) fhe polymerisable liquid crystal is coated on top of the sur&ce relief 
pattcm» 

5 (o) A second surface relief alignment pattern is laminated on top of the 
liquid crystal 

(d) the polymerisable liquid ciystal is polymerised 

Alternatively, two alignment 5ur6aces £pn^ produced and the liquid ciystal is 
10 metered into the gap between them* The gap may be set by the volume of 
liquid crystal dispensed or by the use of spacers. 

A variation of the main process described above that allows the re-use of the 
part with the replicated surface relief is described below. 

15 

Ca) 
(b) 

20 (c) 

(d) 



25 

(e) 



the surface relief pattern is produced into a suitable receptive material 
ss previously described. 

the polymerisable liquid crystal is coated on top of the suzface relief 
pattern. 

the polymerisable liquid crystal is polymerised, 
a layer of adhesive is coated or laminated onto a suitable carder 
substrate. Suitable cairier substrate materials are optically transparent 
over the wavelength range of interest and have low birefiingence. For 
example glass, quarto or one of a range of plastic jShna such as those 
made from polyetheisulphDne, polycarbonate, polyaiylate, cellulose 
diacetate^ cellulose triacetate, trimefliylpent-S-eiie, cyclic polyolefius, 
or similar. 

The surface of fhe polymerisable liquid crystal jfilm is toutacted with 
the adhesive layer 
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(f) the suitable receptive layer and the adhesive coated earner substrate are 
separated &ereby transfaring the polytnerised liquid ^cysiftl layer onto 
the adhesive coated laysr. 

5 In order for this process to work successfiilly, the polymerised liquid oiystal 
layer must adhere more strongly to the adhesive layer than to the suitable 
receptive material. This is achieved by o&ceGxl choice of materials fyr the 
adhesive and the receptive layers* 

In a further embodiment of the invention, the method may be nsed repeatedly 
so as to build lip a scries of patterned (or unifomi) retarder layers so as to give 
the patterned retarder element improved optical functionality (for example 
decreasing the variation of the retardation with wavelength). The additional 
patterned (or uniform) retarder layers may be formed either d»^ly on top of 
the polymerised liquid crystal layer or on the back of the substrate supporting 
the suitably receptive material. 

In a further embodiment of die invention, two substrates are produced, one 
with ftie alignment microrcUef stracture and <»ie with the alignment reUef 
20 microstructure supetinqjosed on a surface relief structure of a dififensnt type 
(for example micrc^isffls). The two substrates ane brought together and the 
liquid crystal is metered into the gap between them* Tte gap may be set by the 
volume of liquid crystal disp^ed or by the use of spacers. The liquid crystal 
layer is then polymerised and qptfonally one or both of the substrates 
25 removed 

Optionally, otber layers with odicr optical functionality, may be introduced 
into the multilayer element described above by lamination using appropriate 
pressure sensitive or curing adhesives. For example a sheet of conventional 
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uniform linear optical retanter film may be included or a sheet of dyed film to 
give a colour effect or to act a$ a colour filter. 

The aligned LC layer fotms the optically active element of the retarder device, 
S which can then be retained on the origmal substrate, transferred onto another 
substrata, given suitable surface treatments and/or used in conjunction witii 
other suitable layers to form a device of desired properties. 

Thus, in a further aspect, a method for the manufacture of patterned optical 
retarders comprises the steps above described of forming an alignment layer 
comprising a spatially pattetned monograting-like surface relief microstractuxe 
into a suitable receptive material; laying down a polymerisable liquid crystal^ 
and in particular a curable such as a photoourable liquid crystal, onto the 
alignment layer; and polymerising the liquid cryatal layer to fix fhe alignment 
so a& to produce a liquid crystal element for an optical retarder, and the fiirther 
step of transferring the liquid crystal layer to a suitable secondary substrate, 
which may be preselected and/or ^bsequentty coated/iieated for o&er desired 
optical or other properties, and o^^onally the ilirther step of removing from 
the liquid crystal element the alignment layer and/or any primary substrate 
onto which the alignment layer was previously deposited. 

In a further aspect, the invention comprises a patterned optical retarder or a 
liquid crystal d^ent for use in an optical retanter manufactiuml by the 
foregouig method. In particidar, a patterned optical retarder or a liquid raystal 
25 element for us in an optica] retazibr conxprises an atignfflent layer comprising 
a spatially patterned monograting^ike surfece relief raicrostmcture imbricated 
from a suitable pattern-receptive material, and optionally layed down upon a 
supporting substrate; and an optically active layer of aligned polymerised 
liquid crystal material. 



10 
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Preferred features of these further aspects, m partiaular of fbe material^ 
and of the fabrication and structure of the sur&oe relief niicrostructuie, will be 
understood by analogy with Uie foregoing, 

5 The invention wiU now be described by way of illustration in the form of 
certain examples and with reference to figures 1 tD 6 of the accompanying 
drawings in wfiich: 

Figure 1 illustrates an embodiment of the invetitive process to produce a 
10 patterned retarder element; 

Figure 2 illustrates a surface profile of an example grating for use in the 
method of the invention; 

Figure 3 shows transmission data for optical retarder. 
Figure 4 shows surf^t^ relief profiles for an ^cample device; 
IS Figfure 5 shows a transmission spectrum for an example device; 
Figure 6 shows a transmission spectrum for an example device. 

Figure 1 illustrates an embodiment of the inventive process to produce a 
patterned retarder element. Optional step 1 is to make a monld tool, step 2 is 
20 to produce the sur&ce relief pattern in a suitable material by suitable means, 
step 3 Is to coat and cure the polymerisaHe liquid crystal to lock in the 
alignment and orientation of the liquid ctystal. Examples of suitable material 
combinations fbdlow. 

25 Example 1 



This example describes the ^brieation of a phase retarding optical element by 
means of the improved process described in Ihe main text of the patent. 



18-JfiN-2B02 15s 38 FROM MflSKGRflflF PftTENTS 



TO PATENT OFFICE 



P. 24 



20 

A memograting surfeo© relief profile was manu&cjturBd on the sur&ce of a 
tiickel plated roller by xAtaas of single point diamond tuniing. The sur&ce 
profile of Ute resultant grating was recorded by Atomic force microscopy 
(APM) and is shown in Figure 2. 

5 

The pedod of flws grating was 03 pm and the depth of the grating was 60 mn. 
The roller was used to make a flffldble mould tool by coatmg a 175 pxn thick 
PET film (Melinex grade 505) with specially formnlated UV cxjrable acrylate 
resin and embossing the surface relief grating fiom the roller into the UV 
10 cured aciylate resin. The UV embossing was carried ont as described in 
W096/35971 at a speed of 0.5 to/mm and nip pressure of 2.5 bar. The resm 
was cured with a UV lamp system usmg a fhienoB of a$i|»t>ximately 180 J/cra' 
at a peak ou^ut wavelength of 365 nm. TTie thidbieas of the enibossed onred 
resin layer on the PET film was 3 ]xm. 

IS 

Using tihc same process as fbr ihe febrication of the flexible mould tool, the 
flexible mould tool was used to UV emboss the surface relief grating mto a 
CQating of a second UV curable acrylate resin (the suitable receptive material) 
on a glass plate. The thickness of the embossed cured resin layer on the glass 
20 was 3 [uxi. 

The resultant part was spin coated using a 40% by weight sohition of 
photocurable liquid crystal RM34 (ex Merok) in xylene. The spin speed used 
was 2350 ipm whh a dwell time of 30s. This spin speed was chosen so as to 
25 give a cured fihn thickness that acts as » half wave plate for light with a 
wavelength of 550 mn. Since the difference in refiactiwj index between the 
ordinary and extcaordmaiy rays in the aligned and cured LC film was 
tneasured to bo O.J 545 at 590 nm, the requfa«d thickness of the RM film in this 
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case is L8 \im. The coated RM film was cured under nitrogen at 20 udng a 
UV lanrp with a power output of 1 mW/cm^ for 20 min. 

The £u]ished optical part was test^ by recording the transinissian as a 
5 function of wavelength Tjetween parallel polarisets. The transmission was 
found to &11 to a mittimum of approxiniately 1% at a wavelength of 550 nm, 
indicating that the RM34 layer was aligned and acting as a half wave plate 
(see iigure 3}. 

10 Example 2 

This example d^cribes the jgkbrication of a phase retardn^ optical elranent 
using B surface relief grating of different sh^e and amplitude to esuanpla 1 . 

IS An opticfUly recorded lefiective mcmograting was obtained from Spectragon 
UK Ltd, Glenrothes, JPSfb. The grating was specified as 3300 lines/mm (03 
j4jn pitch). The grating was specified for operation in the visible (400 to 700 
rnn), AFM analysis of the grating showed it to be nearly sinusoidal in shape 
witlt a depth of SO nm. A nickel embossing shim was grown by 

20 electroforming &om tiiis master plate. AFM analysis of fbst nickel shim 
showed that ihe grating ^£De had been replicated with no change in the pitch 
and a small reduction in fhe depth to between 62 and 65 yua. The nickel 
embossing shun wm used to make a flexible mould tool by coating a 175 pin 
thick PET film (Meliaex grade 505) with specially formulated UV curable 

25 acrylate resin and embossing the surfkce relief grating fiom the nickel shim 
into the UV cured actylatc resin. The UV embossing was carried out as 
described in W096/3S971 at a speed of 03 m/min and nip pressure of 2.5 bar. 
The resin was cured with a UV lamp system using a flucnoe of approximately 



lB-jflN-2B02 15:38 FROM MftfiKGRfiflF PATENTS 



TO FWTENT CFFICE P-26 



5 



10 



25 



22 

180 J/csm* at a peak ou^ut wavelength of 365 run. The ihiclaiess of the 
embossed cured resin layer on Hie PBT film was 3 lun. 

Using the same process as for the fabrication of the fUsxible mould tool, flie 
flcsxible mould tool was used to UV emboss the suifece relief grating into a 
coating of a second UV curable acrykte resin (the suitable receptive material) 
on a glass plate. The thidmess of the embossed cured resin layer on die glass 
was 3 ism. 



The resultant part was spin coated using a 40 % by weight solution of 
photocurable liquid ciystal RM34 (ex Merck) in xylene. The spm speed used 
was 1600 tpm with a dwell time of 40s. This spin speed was chosen so as to 
give a cured fihn thickness Aat acts as a half wave plate for 11^ with a 
wavelength of 575 nm. Since the difference in refractive index between the 
IS ordinaiy and extraordinary rays in the aligned and cured LC fihn was 
measured to be 0.1545 at 590 rnn, tEie required thickness of flie RM fihn in this 
case ifi 1.86 |jih. The coated RM fihn was cured under nitrogen at 20 °C using 
the same U V lamp as fcr the embossing but with a fluence of 1 8 J/cm^. 

20 The performance of the resulting optical retarder part was tested hy placing it 
between parallel polarisers and measuring the ttansmissicm as a fUnotion of 
wavelength. The transmission was found to fall to 1% at a wavelength of 575 
nm. This indicates that the liquid crystal fihn has been oriented by the surfiace 
relief grating. 



Example 3 



This example describes the febrication of a phase retarding optical element 
using a surfece relief grating of dif£<»ent period to example 1 and 2. 



30 
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The procedure of exdxnpte 2 was repeated except using a gratiug specified as 
2400 IJnes/imn (0,4 nm pitch). The graimg was specified for operation in the 
visible (400 to 700 nm). The measured optical performance of the half wave 
plate was very similar to that of example 2. 

5 

Example 4 

This example describes ihe faibricatton of a phase Tetqxding optica] element 
u$ing the transfer process described in the text. Also ibis example shows how 
10 elements can be siiooessfuJly made using suifaoc relief gratings of different 
pitchg amplitude and she^e. 

A series of three monograling-type surface relief patterns were febrioated by 
diamond machining into the aurfece of nickel coated rollers. The shape of the 
15 tool and the pitch of the pattem were varied. The zesiiltant surfece relief 
profiles was recorded by AFM and are shown in Figures 4 a, b and c 

Bach of these lollers in turn was taken and used to make a flexible mould tool 
by coating a 100 \im thick PET film (Melinex grade 505) with specially 

20 formulated UV curable acrylate resin and embossing the surface relief grating 
from the roller bto the UV cured acrylate nesin. The UV embossing was 
carried out as described in W096/35971 at a Speed of 0.5 m/min and nip 
pressure of 2 bar. The resin was oared with a UV lamp system using a finance 
of approximately 180 J/cm^ at a peak output wavelength of 365 nm. The 

25 thickness of the embossed cured resin layer on the PET film was 3 jmi* 

The resultant parts wctb spin coated using a 40 weight % solution of 
photocurable liquid crystal RM34 (ex Merck) in xylene. The spin speed used 
was 2350 rpm with a dwell time of 30s. This spin speed was chosen so as to 
30 give a cured fihn thickness that acts as a half wave plate for light with a 
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wavelength between 450 and 550 nm. Since the difference in refractive index 
between the ordinaiy and extraordinary rays in the aligned and cured LC film 
was measured to be 0.1545 at 590 nm, the required thickness of the RM film 
in this case is between 1,5 and 1.9 jim. The coated RM film was cured under 
5 nitrogen at 20 using a TJV Idmp with a power output of 1 mW/cm^ fc* 20 
niin« 

A layer of UV curing acrylate resin adhesive was coated on top of the onred 
liquid crystal filhn by spin coating. Spin speed was 3000 rpm and dwell time 

10 was 30s. Tho thickness of the adhesive film layer was 16 j^m. The adhesive 
coated film was laminated at room ten5)erature onto a l.J mm thick 
boTOsilicato glass plate by passing the film and glass through a nip between 
two rollars. A nip pressure of 4 bar was used The adhesive layer was ciued 
by placing the Uminated part under a UV l&tap with a power output of 1 

15 mW/cm'^ for 15 min« Finally, tibe PET film was peeled ofif to leave fhe cured 
and aligned liquid crystal film on the surfiMse of (he glass. 

The finished optical parte were tested by recording the transmission as a 
function of wavelengtii betweai parallel polarisars. All three different 
20 gratings caused alignment of the liquid crystal film, as evidenced by the 
presence of a transmission minimum between parallel polarisers in fhe 
wavelength range 450 to 550 nm. Figure 5 shows for example Ihe transmission 
spectrum of tho sample obtemed fiom grating (c). 

25 Example 5 

This example shows the effect of coating the finished part with an index 
maftshmg layer so as to reduce the effect of optical difiBraction when the 
grating pitch is larger than 0.4 unu 

30 
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The three samples prepared in example 4 were taken and a UV-cured coatiiig 
of Norland 61 was spin coated onto ihem so as to reduce flie effect of 
diffraction from the surface relief grating used to align the liquid crystal film. 
The refiractive index of this material is 1.56 (between the indices of the o and 
5 e-rays, 1.54 and 1.69 respectively). Figure 6 shows the qiectra obtained prior 
to coating of the Norland 61 onto the sanq)le fix>m grating (c) and afterwards. 
The transmission in the blue part of the spectrum has l>een significantly 
increased by the index matehing film* The e^ct is most noticeable for the 1 
^im period grating since its diffiaction efBcietncy is highest in this part of the 
1 0 spectrum. 
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Figure 3: TiaiBm*«lon (in %) of opdcfll wteltopaitfe^ 
sbowixig niinimum at 550 iiitL 
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Figure 4b : Saw tooth aniftce rearfprafOB wilh Ijim pitch and dqi«i of 3S0 



nm 




Pignrc 4c: Saw laolh ewfece idiftf fttofile wifli wifli 0.5|nn pfteh «a4 depfli of 180 
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Pteu« 5 : Transinis.5ioa V8 w^vcl^igflx of sample between (^PP«^^^^ f'^cL'S^O S^"^^ 

p?Si Tto angle offliamputpolffliBi^wBatyustedTelative to 

botfi leases lo obiain tiie raaxinwro and mhrfrntim traDsmsaw lespeciivay- 
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Figwe 6: Transmission epntttrwa of saiqpfe fironk Bxample 5 wifli (cmivb B) and wiQiout index matBhiog 
n»in(cuivcA), 
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